Bacillus thuringiensis is a gram-positive soil bacterium producing highly insecticidal proteinaceous crystals during sporulation. In recent years many different B. thuringiensis crystal protein genes have been identified, and the insecticidal properties of the encoded proteins have been investigated. Of these, the lepidoptera-specific crystal proteins have been best studied. Hofte and Whiteley (4) distinguished six different lepidoptera-specific crystal protein gene types among 20 reported nucleotide sequences. They also proposed a classification scheme and designated the lepidoptera-specific crystal protein gene class that codes for 130,000-to 140,000-Mr polypeptides as cryL. Only one of the six gene types belonging to this class (crylC) encodes a crystal protein that is toxic against Spodoptera species (5, 13, 21) .
Studies on the mode of action of the B. thuringiensis crystal proteins revealed that these proteins dissolve in the larval midgut and are proteolytically processed into toxic fragments. These toxic fragments subsequently bind to specific membrane receptors of the epithelial midgut cells, which rapidly swell and lyse, eventually causing death of the insect (9) . It has been suggested that the interaction with the high-affinity binding sites on the epithelial midgut cells determines to a large extent the host range of B. thuringiensis crystal proteins. Also, it appeared that several distinct binding sites can occur simultaneously on the midgut cells of one insect (3, 18) .
High levels of resistance to B. thuringiensis crystal proteins were observed in laboratory selection experiments on the Indian meal moth Plodia interpunctella (10) and, to a lesser extent, in the tobacco budworm Heliothis virescens (16) . Membrane receptor binding studies of the resistant strains of P. interpunctella showed that resistance was * Corresponding author. correlated with a reduction in affinity of the membrane receptor for the CryIA(b) protein, which was present in the selection diet, whereas the strain was still sensitive for the CryIC protein, which apparently recognizes a different receptor (19) . These studies showed that not only receptor binding but also insect resistance can be crystal protein specific. These findings therefore suggest that the deployment of two different crystal proteins that are active against the same insect may improve efficiency of control and delay the emergence of insect resistance.
Previously we reported the isolation and analysis of a cryIC gene, BtVI, coding for a crystal protein that is effective against Spodoptera exigua (21 DNA manipulations. Total cellular DNA from B. thuringiensis was prepared by a minipreparation procedure described previously (1) . All recombinant DNA techniques were as described by Sambrook et al. (12) . Gene Screen Plus (NEN) was used for filter hybridizations, and intact plasmids were used as probes. Washes were carried out at moderate stringency by using a buffer containing 2x SSC (lx SSC is 0.15 M NaCl plus 0.015 M sodium citrate) and 1% sodium dodecyl sulfate at 650C (four times for 15 min each). DNA sequencing was performed by the dideoxytriphosphate method (14) with single-stranded DNA and fluorescent dyes attached to the oligonucleotide primers. Analysis was automated by using an Applied Biosystems 370A nucleotide sequence analyzer.
Sequence comparisons. The sequence obtained was screened against the EMBL data base by using the PC Gene analysis programme (Intelligenetics). To align B. thuringiensis crystal protein sequences, the Align program (Scientific and Educational Software) was used, whereas Align parameters were set at default (high open gap cost, low extended gap cost).
Protein analysis and immunodetection. Protein extracts from recombinant clones of E. coli were prepared as follows. Stationary cultures (approximate density, 3 x 108 cells per ml) were concentrated 50-fold and, after correction for differences in cell density, were disrupted by ultrasonic disintegration by the method of Kronstad and Whiteley (8) until lysis was complete. Protein analysis was performed by electrophoresis on 7.5% sodium dodecyl sulfate-polyacrylamide gels. Separated polypeptides were blotted from the gels onto nitrocellulose filters with a Bio-Rad apparatus. Nitrocellulose filters were then incubated with a rabbit antiserum directed against solubilized crystals of isolate entomocidus 60.5 and a Bio-Rad anti-rabbit immunoglobulin G-alkaline phosphatase conjugate.
Insect toxicity assays. Bacterial cultures were concentrated 50-fold as described above and directly or after dilution spotted in a volume of 50 ,ug of water on 2 cm2 of artificial diet (11) in a 24-well tissue culture plate. Second-instar larvae of either S. exigua, Mamestra brassicae, or H. virescens were fed on this diet (16 per sample dilution) for 6 days, after which larval weight was scored.
Toxicity studies on larvae of Pieris brassicae were done on fresh cabbage leaf disks (2 cm2), onto which 5-,u samples were applied. Eighteen second-instar larvae were each placed on a leaf disk, and after 3 days larval death was monitored.
Nucleotide sequence accession number. The nucleotide sequence of the BtXI coding region and flanking sequences and the deduced amino acid sequence have been filed in the EMBL Data Library under accession number X53985, B.
THURINGIENSIS BTXI GENE. (20) . A Southern blot containing HindIll-digested DNA of these strains only showed hybridizing restriction fragments in seven strains, all belonging to the serotypes aizawai and entomocidus. The observed fragments were all similar in size, matching the BtVI (cryIC) 2.8-kb HindIII DNA fragment of strain entomocidus 60.5, from which the probe was derived. We concluded on the basis of these and other hybridization data that these strains probably all contained crylC type genes (data not shown).
RESULTS

Cloning
However, when the contiguous BglII-ScaI fragment of the cryIC gene BtVI, spanning a central part of the coding region from nucleotides 1307 to 1694, was used as a probe, the Southern analysis showed not only the expected 2.8-kb HindIlI fragment in the strains mentioned above but also a 1.9-kb HindIll fragment in the DNA of strain kenyae 4F1 (Fig. 1 ). To our surprise, a 1.9-kb HindIll fragment was also detected in the 4F1 DNA when the 0.4-kb XbaI fragment located near the 5' terminus of the cryIA(b) gene BtII (2) was used as a probe. The internally located 0.6-kb EcoRI fragment of the crylA(b) gene BtII showed no detectable hybridization to the 4F1 DNA (Fig. 1) . A 1.0-kb HindIII fragment probe also derived from the cryIA(b) gene BtII and containing highly conserved 3'-terminal sequences identified a single fragment in the 4F1 DNA digest (data not shown). Taken together, these data suggested the presence in strain 4F1 DNA of a single crystal protein gene showing homology to the 5'-terminal sequences of the cryIA(b) gene type and to centrally located sequences of the crylC gene type. (Fig. 2) , was used to probe for 
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